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Background

There are four established methods for analyzing
amino acids: prelabeled, post-labeled, ion-pairing
reversed-phase, and normal-phase, but each of these
methods has disadvantages. The pre-labeled
method has problems with derivatization efficiency
and cost, while the post-labeled method is usually
not compatible with LC-MS due to non-volatile
mobile phases. The ion-pairing reversed-phase
method has difficulty separating polar amino acids,
whereas, the normal-phase mode has problems
separating all the compounds, especially the Leucine
and Isoleucine isomers. To alleviate these
challenges, Imtakt developed the Intrada amino acid
separation column for LC-MS/MS which can separate
55 amino acids in 10 minutes using a mixed-mode

LC-MS Analysis of Amino Acidson a
Novel Mixed-Mode HPLC Column

stationary phase without utilizing either pre- or post-
column labelling methods. Additionally, the column
can separate gamma-Aminobutyric acid (GABA)
isomers and dipeptides also without derivatization.
Imtakt has optimized separation and detection char-
acteristics utilizing the Shimadzu LCMS-8040 and
LCMS-2020.

Method

This mixed-mode stationary phase for LC-MS analysis
of amino acids consists of 3um silica particles modi-
fied with ion ligands which couples ion exchange
with normal-phase interactions. All amino acid and
bovine sera standards were purchased commercially.
Each figure below provides instrument parameters
specific to each acquisition.
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Pro (m/z 116.0)
Glu (m/z 148.0)
Val (m/z 118.0)

Leu, lle (m/z 132.0)

Intrada Amino Acid, 50 x 3 mm
Met (m/z 150.0) A: acetonitrile / tetrahydrofuran / 25 mM ammonium formate / formic acid
Tyr (m/z 182.0) =9/75/16/0.3
B: acetonitrile / 100 mM ammonium formate = 20 / 80
Phe (m/z 166.0) 0 %B (0-2.5min), 0-17 %B (2.5-6.5 min), 100 %B (6.5-10 min)
Trp (m/z 205.0) 0.6 mL/min (6MPa), 35 deg.C, 5 uL, ESI (SIM, positive)

%

0.0 2ﬁ5 5ﬁ0 7‘_5 16.0 n~;in
Figure 1: 20 standard amino acids separated and detected on LCMS-2020. Leucine
and Isoleucine isomers were also separated in several minutes.

Arg (Q1/Q3 175.1/70.1)
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Asn (Q1/Q3 133.1/74.05)
Gly (Q1/Q3 75.8/30.1)
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=9/75/16/0.3
Glu (Q1/Q3 148.1/84.1) B: ACN /100 mM HCOONH4 = 20/ 80
0 %B (0-3 min)
Val (Q1/Q3 118.1/72.05) 0.17 %8 (3.6.8 min)
Leu, lle (Q1/Q3 132.1/86.15) 100 %B (6.5-10 min)
Met (Q1/Q3 150.1/56.1) 0.6 mL/min, 40 deg.C, 1 uL (0.1N HCI)
A
L Tyr (Q1/Q3 182.1/136.25) LCMS-8040, ESI (MRM, positive)
)] L Phe (Q1/Q3 166.1/120.1) 100 nmol/mL
Trp (Q1/Q3 205.1/188.1) amino acids standard mixture
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Figure 2: 20 standard amino acids were separated and detected using the LCMS-8040.
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Figure 3: Typical standard (aromatic, aliphatic, acidic and basic) amino acids showed
good results for linearity and sensitivity.
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B: 100 mM ammonium formate
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Figure 4: Simple gradient elution condition was also successful for standard
amino acids separation in 10min with low pressure.
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Intrada Amino Acid, 150 x 2 mm

A: tetrahydrofuran / 20 mM ammonium formate / formic acid

=75/25/0.3
B: 200 mM ammonium formate / acetonitrile = 80 / 20
0 %B (0-2.5 min), 100 %B (2.5-5 min)
0.6 mL/min (45 MPa), 37 deg.C, 5 uL
ESI (SIM, positive)
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Figure 5: High throuput analysis using Nexara UHPLC LCMS-2020 system was

achieved in 5min.
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Figure 6: The novel amino acid analysis column was applied for amino acids in serum and
several amino acids were detected using the LCMS-2020.
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Figure 7: The amino acid analysis column could be applied for dipeptides using the LCMS-2020.

H2N o)

HSCJ\/U\OH

3-aminobutyric acid
(beta-aminobutyric acid)
m/z 104.1

O

HZN\/\)J\OH

4-aminobutyric acid
(GABA, gamma-aminobutyric acid)

m/z 104.1
O

H3C OH

Intrada Amino Acid, 75 x 2 mm

NH2
2-aminobutyric acid
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Figure 8: Not only alpha-amino acids but also beta- and gamma-amino acids isomers were well
separated.



SSI-LCMS-022

Intrada Amino Acid, 10 x 2 mm
A: acetonitrile / formic acid = 100/ 0.1
B: 100mM ammonium formate

15-100 %B (0-0.8 min), 100 %B (0.8-1.0 min)
0.4 mL/min (1.6 MPa), 35deg.C, 1 uL (0.1N HCI)
ESI (SIM, positive)
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A: MeOH / Water / Formic acid =85/15/0.3
B: ACN /100mM Ammonium formate = 20 / 80
Gradient Conditions:
12-13 %B (0-12 min)
100 %B (12-15 min)
0.4 mL/min (11 MPa)
35 °C, 5uL (0.1N HCI)
ESI (positive, m/z 132.0)
| | | |
5 7.5 10 12.5 min

Figure 9:Amino ac:d related compounds were analyzed by one-munite high throuhput
separation with 10mm column using the LCMS-2020.

Figure 10: Separation of Leucine (131Da) isomers, detected by the LCMS-2020.

OH



SSI-LCMS-022

a) a-aminobutyric acid ( a-Abu)

arginine (m/z 175.1)
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proline (m/z 116.0)

taurine (m/z 126.0)

methionine sulfone (m/z 182.0)
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allo-isoleucine (m/z 132.0) B: ACN / 100mM Ammonium formate = 20 / 80

norleucine (m/z 132.0) Gradient Conditions:

methionine (m/z 150.0) 0 %B (0-2.5min)

tyrosine (m/z 182.0) 0-17 %B (2.5-6.5 min)

100 %B (6.5-10 min)

0.6 mL/min (6MPa), 35 °C , 5 uL (1umol/mL)
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0
Figure 11: 55 Amino A

25 5 75 10 min
cids (standard samples) separated and detected utilizing the LCMS-2020.



SSI-LCMS-022

Results and Discussion

Figures 1 and 2 demonstrate methods utilizing the
LCMS-2020 single quadrupole mass spectrometer
and LCMS-8040 triple quadrupole mass spectrom-
eter to characterize a separation of the 20 standard
amino acids including Leucine and Isoleucine with-
out need for derivatization. Figure 3 provides calibra-
tion curves of amino acids representing the four
categories of these molecules, aromatic, aliphatic,
basic, and acidic to demonstrate the ability of the
mixed-mode column and the mass spectrometer to
accurately quantitate these four classes of analytes.
Figure 4 provides a simple gradient procedure for
separating a mixture of amino acids in 10 minutes. A
5 minute separation of the 20 standard amino acids
was able to maintain resolution between Leucine
and lIsoleucine, (Figure 5). Figure 6 demonstrates
measurement of free amino acids over 10 minutes in
bovine serum utilizing the LCMS-2020. Additionally,
dipeptides and beta and gamma amino acids were
measured with the LCMS-2020 as charted in Figures 7
and 8. Ornithine, citrulline, carnitine, taurine, and
other related compounds are also candidate analytes

for separation using this strategy. Method conditions
have been optimized to separate these compounds
in less than 60 seconds. Isobaric Leucine isomers are
readily resolved using the separation strategy
provided in Figure 10. Figure 11 demonstrates the
separation of 55 amino acid analytes over 10
minutes.

Conclusion

Label free amino acid separations and detection
utilizing a mixed-mode stationary phase coupled
with the single and triple quadrupole mass spec-
tromters, LCMS-2020 and LCMS-8040 has been
demonstrated. Amino acid samples of varying
complexity and from various matrices, including
isomers, dipeptides, and related compounds are
separated using optimized methods spanning from
10 minutes to as short as one minute.

This combination of column, UHPLC, and MS yields
a powerful tool for amino acid analysis for many
different biochemical applications.
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Founded in 1875, Shimadzu Corporation, a leader in the
development of advanced technologies, has a distinguished
history of innovation built on the foundation of contributing to
society through science and technology. Established in 1975,
Shimadzu Scientific Instruments (SSI), the American subsidiary of
Shimadzu Corporation, provides a comprehensive range of analytical
solutions to laboratories throughout North, Central, and parts of
South America. SSI maintains a network of nine regional offices
strategically located across the United States, with experienced
technical specialists, service and sales engineers situated throughout
the country, as well as applications laboratories on both coasts.

For information about Shimadzu Scientific Instruments and to
contact your local office, please visit our Web site at
www.ssi.shimadzu.com
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